A nickel(II) coordination complex, bis[2,6-bis(1H-benzimidazol-2-yl-N 3 )pyridine-N]nickel(II) sulfate, [Ni(C 19 H 13 N 5 ) 2 ]SO 4 or [Ni(H 2 L) 2 ]SO 4 , having four peripheral tetrahedrally oriented N-H donor units, combines with sulfate bridges to create hydrogen-bonded structures of varied dimensionality. The three crystal structures reported herein in the space groups P2 1 2 1 2 1 , I4 and Pccn are defined solely by strong charge-assisted N-HÁ Á ÁO hydrogen bonds and contain disordered guests (water and dimethylformamide) that vary in size, shape and degree of hydrophilicity. Two of the compounds are channelled solids with three-dimensional structures, while the third is one-dimensional in nature. In spite of their differences, all three present a striking resemblance to the previously reported anhydrous relative [Guo et al. (2011 ). Chin. J. Inorg. Chem. 27, 1517-1520, which is considered as the reference framework from which all three title compounds are derived. The hydrogen-bonded frameworks are described and compared using crystallographic and topological approaches.
Introduction
In the process of looking for adequate metal-organic nodes for hydrogen-bonded frameworks, we came across a family of complexes we had worked with some time ago (Harvey et al., 2003 (Harvey et al., , 2013 , formulated as M(H 2 L) 2 [H 2 L is 2,6-bis(1Hbenzimidazol-2-yl)pyridine and M is a transition metal], where the two identical H 2 L ligands bind the metal in an orthogonal fashion relative to each other, giving the bulky M(H 2 L) 2 group a 'pseudo-spherical' shape, with four active N-H donor groups pointing outwards in an approximate tetrahedral geometry around the metal atom (Fig. 1a ). The bulky group looked promising as a 'tetrahedral hydrogen-bonding donor' acting as a nodal centre in an eventual hydrogen-bond network (Fig. 1b) , in which case, a linker could be chosen with similar acceptor capabilities which are able to expand by selforganization into a porous three-dimensional array. The simplest example we could think of was sulfate (SO 4 2À ), with a similar tetrahedral distribution of hydrogen-bonding acceptors. The feasibility of this approach was assessed with respect to other complex structures already reported in the literature, viz. the interpenetrating network in a hydrogen-bonded chromium sulfate biimidazolate described by Larsson & Ö hrströ m (2003) , and we decided to attempt the synthesis of the corresponding M(H 2 L) 2 sulfates in the hope of obtaining some kind of 'diamond-like' hydrogen-bonded structure. Investigation of the M(H 2 L) 2 SO 4 system proved fruitful in that it provided a number of compounds, not only with the expected geometry, as hydrogen-bonded porous networks, but also in their properties to fine tune their geometry by adequately choosing the solvates, which end up acting as efficient crystallization templates. We report herein the results of these attempts with Ni 2+ as the cation and dimethylformamide/water as the solvents.
The three phases of bis[2,6-bis(1H-benzimidazol-2-yl-N 3 )pyridine-N]nickel(II) sulfate reported herein (see Scheme), with space groups P2 1 2 1 2 1 for (I), I4 for (II) and Pccn for (III), are formulated as [Ni(H 2 L) 2 ]SO 4 ÁnH 2 OÁmDMF (DMF is dimethylformamide), with n and m undeterminable by conventional X-ray diffraction (XRD) methods (see Refinement section for details). A search in the Cambridge Structural Database (CSD, Version 5.37 and updates; Groom et al., 2016) for pre-existing members of the [Ni(H 2 L) 2 ] 2+ (SO 4 ) 2À family resulted in only an unsolvated member [Guo et al., 2011; CSD refcode OYAKEF, hereinafter (IV) ], which will be included as a reference in our discussion.
Experimental

Synthesis and crystallization
All reagents used were commercially available and used without further purification. Compound (I) was obtained by dissolution of NiSO 4 Á6H 2 O (CAS Number 10101-97-0, Sigma-Aldrich) and H 2 L (CAS Number 28020-73-7, Sigma-Aldrich) in DMF in a 1:2 molar ratio up to a final concentration of 0.010 M of the Ni 2+ cation. Compounds (II) and (III) were synthesized in a similar fashion, by mixing equal volumes of equimolar solutions (0.010 M) of NiSO 4 Á6H 2 O in water and H 2 L in DMF. Upon mixing, the immediate precipitation of a preliminary poorly crystallized phase occurred, which was discarded. After a couple of months of unperturbed evaporation, pale-red columnar crystals pertaining to some of the reported phases were obtained, within a mixture of further untargeted products. The acquisition of one particular phase could not so far be adequately controlled, its appearance being dependent on the solvent quality/ratio and crystallization conditions.
Refinement
All three title structures could be solved in a conventional way (SHELXS97; Sheldrick, 2008) , but refinement (SHELXL2016; Sheldrick, 2015) posed some problems derived from the fact that the structures showed large solventaccessible voids of 29, 46 and 7 vol% and any further improvement in the refinement was jeopardized by the disordered water/DMF solvent molecules delocalized in these regions. A direct consequence of this was the impossibility of refining (even with restraints) the active H atoms in the structures, which had to be treated, as had the rest, in the riding approximation [N-H = 0.86 Å and C-H = 0.93 Å , with U iso (H) = 1.2U eq (host)]. In view of these characteristics, the refinements were treated under the 'partial structure factors' algorithm implemented as the SQUEEZE option (Spek, 2015) in the PLATON package (Spek, 2009) , which allowed for reasonable structural descriptions and reported R factors of 0.074 for (I), 0.078 for (II) and 0.086 for (III). For the non-H atoms, rigid-bond restraints were applied to the anisotropic displacement parameters of bonded (1,2-) and nonbonded (1,3-) atom pairs. In addition, similarity restraints were applied to the geometries of the two independent organic ligands of the cation in each structure.
Topological analysis
Topological analysis was performed using the ToposPro program package . The determination of all intermolecular interactions was carried out by means of the recently proposed 'domains method' (Blatov, 2016) that is based on Voronoi partition and implemented in the AutoCN program, which is a part of the ToposPro code. Among intermolecular interactions, the D-HÁ Á ÁA hydrogen bonds in a fragment are identified in accordance with the following additional geometrical criteria: d(HÁ Á ÁA) < 2.5 Å , d(DÁ Á ÁA) < 3.5 Å and /D-HÁ Á ÁA > 120 (D = N, O; A = N, O, F, S, Cl). The underlying nets of the investigated structures, which represent the overall connectivity of molecules in hydrogenbonded networks, were obtained after the simplification procedure performed in the ADS program. This includes the representation of a molecule by its centre of mass, keeping the connectivity of molecules with each other by means of hydrogen bonds; all hydrogen bonds between a given pair of molecules transform to the same edge between the molecular centres of mass in the simplified net. The TTD collection of periodic network topologies and the TTO collection containing representatives of different topological types were used to determine the topological type of underlying nets . The RCSR three-letter symbols (O'Keeffe et al., 2008) and the Koch & Fischer (1978) nomenclature for 1-or 2-periodic sphere packings are used to designate network topologies. The nets absent in the RCSR database are designated with the ToposPro NDn nomen-research papers clature (Alexandrov et al., 2011) , where N is a sequence of coordination numbers of all non-equivalent nodes of the net, D is the periodicity of the net (D = M, C, L and T for 0-, 1-, 2and 3-periodic nets, respectively) and n is the ordinal number of the net in the set of all non-isomorphic nets with the given ND sequence. The local connectivity of the molecules was described by means of the molecular connection type symbol (MCTS) L mbtkpghond proposed in Aman et al. (2014) for the description of intermolecular connectivity in hydrogenbonded networks. Each molecule (L) is designated by superscripts M, B, T, K, P, G, H, O, N and D depending on the number n = 1-10 of its atoms (both hydrogen-bond donors and acceptors) involved in the formation of intermolecular hydrogen bonds. The total number of molecules connected to a given molecule is listed as the upper index in the line mbtkpghond, where each integer m, b, t, k, etc., corresponds to the number of molecules connected by one, two, three, four, etc., hydrogen bonds. Additionally, a recent inclusion in the ToposPro package was applied to evaluate the coordination modes of both the complex cation and the sulfate anion. This algorithm compares the similarity of the coordination figure of an atom or a molecule to some idealized coordination figures on the basis of comparison of angular fingerprints of coordination polyhedra (Shevchenko et al., 2017) . In these calculations, parameters and (as defined in Shevchenko's paper) were given values of 18 and 9 , respectively.
Results and discussion
3.1. Crystal structure Table 1 presents crystal and refinement data for (I), (II) and (III) (reported herein), and (IV) (Guo et al., 2011) , included for comparison purposes. As already stated, the structures consist of [Ni(H 2 L) 2 ] 2+ cations acting as fourfold hydrogenbond donors (in the role of nodes) and sulfate counter-anions as hydrogen-bond acceptors (acting as linkers Table 1 Crystal and refinement data for (I), (II) and (III) (herein reported), and (IV) (Guo et al., 2011) In (I) and (II), this connectivity leads to three-dimensional structures having large channels (Fig. 2 ). In the case of (I), there is only one type (denoted A) which runs along [100] and accounts for 30% of the total structure volume ( Fig. 2a ); in (II), there are two types (A and B), both running along [001] and accounting for as much as 45% (Fig. 2b ). These volumes are in turn occupied by the disordered water/DMF solvent molecules. In (III), the result of Ni(H 2 L) 2 Á Á ÁSO 4 hydrogen bonding is a much simpler one-dimensional supramolecular structure, with interchain linkage diffusely mediated by water/ DMF solvent molecules. Fig. 3 1 At this stage, it could be argued that the hydrogen-bonding analysis, as performed herein, would be potentially incomplete due to the unresolved water/DMF solvent molecules not being taken into account, in spite of their potential capability for hydrogen bonding. An argument against this position is to be found precisely in the 'unobservance' of defined solvent molecules: hydrogen bonding to the mainframe, when present at all, has a definite 'anchoring effect', whose most inmediate result is the concentration of the corresponding electron density in a rather well-defined portion of space, thus rendering the molecule 'crystallographically visible' in a difference map. An example of this is the already discussed N5A-H5AAÁ Á ÁO3W hydrogen bond in structure (III), which renders the O3W solvent molecule 'detectable'. column and which is made up of one single type of [Ni(H 2 L) 2 Á Á ÁSO 4 ] 3 loop [A1, R 6 6 (24), shaded in the figure]. This loop is topologically identical to that of column A in (II) (loop A1) represented in Fig. 3(b) . The topological similarities are also reflected in the characteristics of the columns generated: as a crude estimator, we have taken the 'diameters' of the columns, as measured by the projected distances between opposite Ni 2+ cations, which gives roughly $15.5-16.0 Å for (I) and $14.0 Å for (II). The main difference between both structures comes from the second column, i.e. B, which is absent in (I) but present in (II) (see Fig. 2 ), and which shows a more complex mesh structure ( Fig. 3c ), presenting large [Ni(H 2 L) 2 Á Á ÁSO 4 ] 3 loops [B1, R 6 6 (24)] similar to A1 described already, combined with smaller [Ni(H 2 L) 2 Á Á ÁSO 4 ] 2 loops [B2, R 4 4 (16)]. This allows for a larger diameter in the column, which, with a similar estimator as before, is $20.0 Å . A different scenario is seen for structure (III), where the connectivity results in the [100] chains shown in projection in Fig. 4 (a) and in turn interconnected by water-mediated hydrogen bonds. These interactions are hard to describe, since water H atoms could not be detected, but there is, however, one significant hydrogen bond fully resolved, having O3W as acceptor and H5NA as donor, and which fulfils an important role in the packing description to follow. Fig. 4 (b) presents a rotated view of Fig. 4 (a) along the horizontal axis, and shows the way in which chains align in the (010) plane. Note the fact that only three N-H groups are involved in chain formation (one of them in a bifurcated mode), the fourth being involved in the hydrogen bond to the O3W solvent molecule. In structure (IV) (reported in Guo et al., 2011) , the hydrogen-bonded network is defined by [010] chains (viewed as closed loops in Fig. 5a ), which are linked along [100] via an N-HÁ Á ÁOSO 3 hydrogen bond to form slightly corrugated two-dimensional arrays parallel to (001) and shown in projection as the undulating structures running top to bottom in Fig Symmetry codes for (I): (i) Àx + 3 2 , Ày, z À 1 2 ; (ii) Àx + 5 2 , Ày, z À 1 2 ; (iii) x À 1 2 , Ày + 1 2 , Àz + 2. Symmetry codes for (II): (i) y, Àx + 1, Àz; (ii) Àx + 3 2 , Ày + 1 2 , z À 1 2 ; (iii) Àx + 3 2 , Ày + 1 2 , z + 1 2 . Symmetry codes for (III): (i) Àx + 2, Ày + 1, Àz + 1; (ii) Àx + 3 2 , y, z À 1 2 ; (iii) Àx + 1, Ày + 1, Àz + 1. Symmetry codes for (IV): (i) y, Àx + 1, Àz; (ii) Àx + 3 2 , Ày + 1 2 , z À 1 2 ; (iii) Àx + 3 2 , Ày + 1 2 , z + 1 2 .
A point common to all three solvatomorphs (I), (II) and (III) is the fact that they are directly related to the structure of this unsolvated 'parent' (IV), and which could be considered as the reference frame from which all three derive. A detailed analysis of the way in which this relationship is achieved is presented in document SD1 of the supporting information.
Analysis of the topology of the hydrogen-bonded networks
In structures (I), (II) and (IV), both the complex cation and the sulfate anion have four active centres (atoms that parti-cipate in hydrogen bonding) and form one hydrogen bond with each of the four neighbours; therefore the connection type of both ions is K 4 (see Fig. S1 in the supporting information). On the contrary, in structure (III), the ions have different local connectivities of K 31 and K 21 for the cation and anion, respectively. The standard representation of the hydrogen-bonded structures leads to the underlying nets shown in Fig. 6 . The sql topological type of the underlying net in (IV) is the most abundant among layered hydrogen-bonded structures (Zolotarev et al., 2014) , while the unc and atn topologies found in (I) and (II), respectively, are very uncommon for hydrogen-bond frameworks in molecular crystals, especially the atn net. In the TTO collection, there are 11 molecular structures with unc topology and only one with atn topology (see Table S1 in the supporting information). The hydrogen-bonded ladder in structure (III) possesses 4 4 (0,2) topology, which is the second most abundant among structures with 1-periodic hydrogen-bonded systems. To explore the bonding preferences of the complex cations with composition M(H 2 L) 2 , we extracted from the CSD 20 crystal structures (see Table S2 in the supporting information) with the same ligand, i.e. 2,6-bis(1H-benzimidazol-2-yl)pyridine, denoted H 2 L. From the analysis of the structures, one can assume that the connection type of such cations is usually of the K type (four active centres), because in all the 20 structures, it engages all N-H groups in bonding, but for the seven rareearth-containing cations, the connectivity is greater because of the extra ligands engaged in the formation of additional hydrogen bonds. The only structure (CSD refcode EYINAB; Harvey et al., 2004) with an anion of double negative charge, namely solvated Zn II -(H 2 L) 2 -peroxodisulfate, has the same topology as (III), i.e. 4 4 (0,2), though the coordination type of the cation (MCTS K 4 ) in this structure is different from that found in (III) (MCTS K 31 ). With the aim of exploring the local connectivity preferences of the sulfate anion, a sample of 843 crystal structures with sulfate anions forming hydrogen bonds was extracted from the CSD by means of the ConQuest program (Bruno et al., 2002) . Structures comprising both sulfate and hydrogen sulfate anions were eliminated from the 
Figure 6
The underlying nets in the crystal structures of (I), (II), (III) and (IV) (left to right), with the corresponding topological type of the net underneath. The underlying net represents the connection pattern of complex cations and sulfate anions (nodes of the net) by means of hydrogen bonds (edges between nodes). The unc net is intrinsically chiral. set due to unreliable localization of the H-atom position in the hydrogen sulfate anion. The distribution of the sulfate-anion connectivity demonstrates (see Table S3 in the supporting information) that the K 4 connection type found in (I), (II) and (IV) is not common and accounts for only 1.26% (13 examples) among 1034 sulfate anions found in the set of crystal structures without disorder of the sulfate anion. The K 21 connection type found in (III) is even rarer, with only one example. For sulfate anions that are hydrogen bonded to four neighbouring molecules, the frequency of occurrence of connection types goes down according to K 04 > K 13 > K 22 > T 4 > K 4 > K 31 (see Fig. S1 in the supporting information), i.e. typically, the sulfate anion forms two hydrogen bonds via each O atom (K 04 ). The other feature to be examined was the coordination modes of the molecular ions in (I)-(IV). The data on the coordination figures of the ions are presented in Fig. 7 . Additionally, the coordination figure similarities were calculated for complex cations in the set of 20 structures and sulfate anions in the large set of 834 structures described above. Only six structures out of 20 contain the complex cation with MCTS K 4 , i.e. hydrogen bonded to four sulfate O atoms as in (I) and (II) (see Table S2 in the supporting information). The see-saw coordination SS-4 shown in Fig. 7 (which can be seen as a distorted tetrahedron) is typical for this cation, the same coordination figure that was realized in structures (I) and (II), though there are two examples of the tetrahedral T-4 coordination mode. In structure (III), five O atoms (four from sulfate and one from water) result in the T-4_SC (distorted face-capped tetrahedron) coordination mode found in [M(H 2 L) 2 ] 2+ picrates. The distribution of the coordination figures determined for 1020 (14 sulfate anions form only one hydrogen bond, i.e. the ion is monocoordinated) independent sulfate anions from the large set of sulfate structures (see Table S4 in the supporting information) reveals that for 72 sulfate anions coordinated by four H atoms only: the SPY-4 (noncoplanar, 36 examples) and SS-4 (see-saw, 31 examples) coordination modes prevail, with only five structures featuring tetrahedral T-4 coordination. That means that in (I), (II) and (IV), all the common coordination modes of the sulfate anion were manifested. In structure (III), the TS-3 (T-shaped) coordination mode was found; this appeared in 12 out of 31 structures with a sulfate anion bonded to three H atoms.
Theoretical hydrogen-bonded networks
In order to explore the probable network topologies of the crystal structures of (I), (II) and ( Hydrogen bonds formed by the molecular ions in structures (I)-(IV), along with the resulting coordination modes: T-4 is a tetrahedron, SS-4 is a see-saw, TS-3 is T-shaped, SPY-4 is square-planar and T-4_SC is distorted face-capped tetrahedron (Hartshorn et al., 2007) . The red diamond corresponds to the structure of (IV). Data analysis was performed by means of the Python glue library (Goodman, 2012) . structures composed of two crystallographically non-equivalent molecules (one molecule comprises only hydrogen-bond donors and the other only hydrogen-bond acceptors) was extracted from the CSD by means of the ToposPro program . The connection types of molecules were of the L 4 (L = K, T, B and M) type, with four single hydrogen bonds and more than 10 representatives for each topological type. As a result, 239 (see Table S5 in the supporting information) structures were retrieved. To take into account the relative dimensions of the molecules, the ratio of molecular volumes (calculated using molecular Voronoi polyhedra) was added to the list of structural descriptors (MCTS and coordination mode). For structures (I), (II) and (IV), the values are 16.0, 16.1 and 12.0, respectively. The mean molecular volumes and their standard deviations (SD) are V mean [M(H 2 L) 2 ] = 775 Å 3 (SD = 42.8) and V mean (SO 4 ) = 53.7 Å 3 (SD = 11.3), computed from the volumes of 13 complex cations and 1034 sulfate anions. Now, knowing the typical connectivities and coordination modes of both complex cation and sulfate anion, we can conclude that the sql topology observed for unsolvated (IV) (SS-4/SPY-4) was expected to appear because structures with the same molecular connectivity K 4 and a molecular volume ratio closer to V mean [Me(H 2 L) 2 ]/V mean (SO 4 ) = 775/53.7 = 14.4, also have an sql topology [8 (MUSHUD; Plass & Yozgatli, 2003) and 8.3 (WUCKUC; Moon & Choi, 2015) ] (Fig. 8 ). Besides, one can see that other topological types for a given coordination mode were realized with a smaller V(Mol1)/V(Mol2) ratio, i.e. where the two molecules have comparable volumes, which is not the case for the sulfate anion and the [Ni(H 2 L) 2 ] 2+ cation. This, again, emphasizes the significance of the solvent molecules that might direct the crystallization of porous structures (I) and (II) and lead to such unusual topologies.
Final remarks
The [Ni(H 2 L) 2 ] 2+ (SO 4 ) 2À system, despite having simple building blocks with only four active centres each, shows the importance of the solvent, which can unpredictably change the outcome of the crystallization process. The unsolvated structure (IV) was probably to be expected based on the analysis of the set of related structures, but structures (I) and (II), evidently, are the outcome of the structure-directing influence of solvents. Structure (III) can be seen as an intermediate step en route to unsolvated polymorph (IV) due to very similar tubular hydrogen-bonded fragments. Even if we are on our way towards the further screening of this promising system through the diversification of solvents, metals and linkers, the challenge posed is extremely difficult to tackle, due to the unpredictability of the synthetic outcomes, a fact supported by the topological and structural analysis of the sets of similar structures. Our present efforts are focused on minimizing these latter drawbacks. SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL2016 (Sheldrick, 2015) ; molecular graphics:
SHELXTL (Sheldrick, 2008) ; software used to prepare material for publication: SHELXL2014 (Sheldrick, 2015) and
PLATON (Spek, 2009) .
Bis[2,6-bis(1H-benzimidazol-2-yl-κN 3 )pyridine-κN]nickel(II) sulfate (I)
Crystal data [Ni(C 19 2.120 (6) N3B-C13B 1.311 (7) N1A-C7A 1.328 (7) N3B-C19B 1.400 (7) N1A-C1A
1.385 (8) N4B-C7B 1.345 (7) N2A-C8A 1.330 (7) N4B-C6B 1.366 (8) N2A-C12A 1.339 (7) N4B-H4NB 0.8600 N3A-C13A 1.315 (7) N5B-C13B 1.350 (7) N3A-C19A 1.396 (7) N5B-C14B 1.381 (7) N4A-C7A 1.349 (7) N5B-H5NB 0.8600 N4A-C6A 1.364 (8) C1B-C2B 1.381 (9) N4A-H4NA 0.8600 C1B-C6B 1.403 (9) N5A-C13A 1.349 (7) C2B-C3B 1.377 (9) N5A-C14A 1.382 (7) C2B-H2BA 0.9300 N5A-H5NA 0.8600 C3B-C4B 1.355 (11) C1A-C2A 1.385 (9) C3B-H3BA 0.9300 C1A-C6A 1.403 (9) C4B-C5B 1.348 (11) 1.392 (10) C18B-H18B 0.9300 C16A-H16A 0.9300 S1-O3 1.461 (6) C17A-C18A 1.367 (9) S1-O1 1.464 (6) C17A-H17A 0.9300 S1-O4 1.465 (6) C18A-C19A 1.393 (8) S1-O2 1.481 (6) N2B-Ni1-N2A 176.0 (2) C19A-C18A-H18A 121.5 N2B-Ni1-N1A 102.2 (2) C14A-C19A-C18A 120.6 (6) N2A-Ni1-N1A 77.9 (2) C14A-C19A-N3A 108.8 (6)
155.0 (2) C7B-N4B-C6B 107.0 (5) N3A-Ni1-N3B 96.5 (2) C7B-N4B-H4NB 126.5 C7A-N1A-C1A 105.8 (5) C6B-N4B-H4NB 126.5 C7A-N1A-Ni1 111.8 (4) C13B-N5B-C14B 105.9 (6) C1A-N1A-Ni1 142.3 (5) C13B-N5B-H5NB 127.0 C8A-N2A-C12A 121.8 (5) C14B-N5B-H5NB 127.0 C8A-N2A-Ni1 118.8 (4) C2B-C1B-N1B 131.0 (7) C12A-N2A-Ni1 119.0 (4) C2B-C1B-C6B 120.9 (6) C13A-N3A-C19A 105.1 (5) N1B-C1B-C6B 108.1 (6) C13A-N3A-Ni1 113.0 (4) C3B-C2B-C1B 115.9 (7) C19A-N3A-Ni1 141.8 (4) C3B-C2B-H2BA 122.0 C7A-N4A-C6A 107.1 (5) C1B-C2B-H2BA 122.0 C7A-N4A-H4NA 126.5 C4B-C3B-C2B 123.5 (8) (7) C11B-C12B-C13B 127.6 (6) C10A-C9A-H9AA 120.9 N3B-C13B-N5B 114.0 (5) C8A-C9A-H9AA 120.9 N3B-C13B-C12B 119.5 (6) C9A-C10A-C11A 121.6 (7) N5B-C13B-C12B 126.5 (6) C9A-C10A-H10A 119.2 C19B-C14B-N5B 106.5 (6) C11A-C10A-H10A 119.2 C19B-C14B-C15B 122.5 (7) C12A-C11A-C10A 117.4 (7) N5B-C14B-C15B 130.9 (7) (7) C17B-C18B-C19B 117.0 (7) N5A-C14A-C15A 131.1 (7) C17B-C18B-H18B 121.5 C16A-C15A-C14A 115.9 (8) C19B-C18B-H18B 121.5 C16A-C15A-H15A 122.0 C14B-C19B-C18B 120.1 (7) C14A-C15A-H15A 122.0 C14B-C19B-N3B 109.1 (6) C15A-C16A-C17A 122.9 (8) C18B-C19B-N3B 130.7 (7) C15A-C16A-H16A 118.6 O3-S1-O1 108.6 (4) C17A-C16A-H16A 118.6 O3-S1-O4 110.3 (4) C18A-C17A-C16A 121.3 (8) O1-S1-O4 109.7 (4) C18A-C17A-H17A 119.3 O3-S1-O2 108.8 (4) C16A-C17A-H17A 119.3 O1-S1-O2 111.4 (4) C17A-C18A-C19A 116.9 (7) O4-S1-O2 108. Bis[2,6-bis(1H-benzimidazol-2-yl-κN 3 ) 0.9300 S1-O3 1.436 (7) C17A-C18A 1.350 (11) S1-O4 1.464 (9) C17A-H17A 0.9300 S1-O2 1.469 (8) C18A-C19A 1.403 (10) S1-O1 1.509 (8) 
105.0 (7) C6B-N4B-H4NB 126.2 C7A-N1A-Ni1 110.3 (5) C13B-N5B-C14B 108.7 (7) C1A-N1A-Ni1 144.7 (6) C13B-N5B-H5NB 125.6 C12A-N2A-C8A 120.4 (7) C14B-N5B-H5NB 125.6 C12A-N2A-Ni1 120.2 (5) N1B-C1B-C2B 131.1 (8) C8A-N2A-Ni1 119.2 (5) N1B-C1B-C6B 108.0 (7) C13A-N3A-C19A 104.3 (6) C2B-C1B-C6B 120.9 (8) C13A-N3A-Ni1 112.6 (5) C3B-C2B-C1B 118.3 (9) C19A-N3A-Ni1 143.1 (5) C3B-C2B-H2BA 120.8 C6A-N4A-C7A 107.9 (7) C1B-C2B-H2BA 120.8 C6A-N4A-H4NA 126.0 C2B-C3B-C4B 120.5 (10) C7A-N4A-H4NA 126.0 C2B-C3B-H3BA 119.7 C13A-N5A-C14A 108.7 (7) C4B-C3B-H3BA 119.7 C13A-N5A-H5NA 125.6 C3B-C4B-C5B 124.1 (10) C14A-N5A-H5NA 125.6 C3B-C4B-H4BA 118.0 N1A-C1A-C6A 109.1 (7) C5B-C4B-H4BA 118.0 N1A-C1A-C2A 130.5 (8) C6B-C5B-C4B 112.5 (9) C6A-C1A-C2A 120.3 (8) C6B-C5B-H5BA 123.7 C3A-C2A-C1A 118.0 (9) C4B-C5B-H5BA 123.7 C3A-C2A-H2AA 121.0 N4B-C6B-C5B 129.0 (8) C1A-C2A-H2AA 121.0 N4B-C6B-C1B 107.4 (8) C2A-C3A-C4A 120.9 (10) C5B-C6B-C1B 123.5 (9) C2A-C3A-H3AA 119.6 N4B-C7B-N1B 111.2 (7) C4A-C3A-H3AA 119.6 N4B-C7B-C8B 128.4 (7) C3A-C4A-C5A 124.0 (10) N1B-C7B-C8B 120.5 (7) (7) C15B-C16B-C17B 123.6 (10) C11A-C12A-C13A 127.0 (8) C15B-C16B-H16B 118.2 N3A-C13A-N5A 111.5 (7) C17B-C16B-H16B 118.2 N3A-C13A-C12A 119.8 (7) C18B-C17B-C16B 120.8 (9) N5A-C13A-C12A 128.6 (7) C18B-C17B-H17B 119.6 C15A-C14A-N5A 131.4 (8) C16B-C17B-H17B 119.6 C15A-C14A-C19A 123.6 (9) C17B-C18B-C19B 116.4 (9) N5A-C14A-C19A 104.8 (7) C17B-C18B-H18B 121.8 C14A-C15A-C16A 115.5 (9) C19B-C18B-H18B 121.8 C14A-C15A-H15A 122.2 C14B-C19B-C18B 120.4 (8) C16A-C15A-H15A 122.2 C14B-C19B-N3B 110.8 (7) C15A-C16A-C17A 123.1 (10) C18B-C19B-N3B 128.6 (8) C15A-C16A-H16A 118.5 O3-S1-O4 107.4 (5) C17A-C16A-H16A 118.5 O3-S1-O2 112.8 (5) C18A-C17A-C16A 120.9 (9) O4-S1-O2 111.5 (5) C18A-C17A-H17A 119.6 O3-S1-O1 111.0 (6) C16A-C17A-H17A 119.6 O4-S1-O1 108.4 (5) C17A-C18A-C19A 116.5 (9) O2-S1-O1 105.7 (5) C17A-C18A-H18A 121.7
Hydrogen-bond geometry (Å, º) 0.184 (7) 0.103 (5) 0.177 (7) −0.026 (6) −0.060 (7) −0.012 (5) O2WA 0.138 (12) 0.085 (8) 0.099 (7) −0.043 (10) −0.044 (11) 0.010 (7) O2WB 0.138 (12) 0.085 (8) 0.099 (7) −0.043 (10) −0.044 (11) 0.010 (7) 0.107 (7) 0.161 (10) 0.170 (11) 0.013 (7) 0.000 0.000
Geometric parameters (Å, º)
Ni1-N2A 2.017 (4) N3B-C19B 1.389 (7) Ni1-N2B 2.021 (4) N4B-C7B 1.337 (7) Ni1-N3A 2.086 (5) N4B-C6B 1.365 (7) Ni1-N3B 2.101 (5) N4B-H4BA 0.8600 Ni1-N1B 2.116 (5) N5B-C13B 1.341 (7) Ni1-N1A 2.118 (5) N5B-C14B 1.360 (8) N1A-C7A 1.316 (7) N5B-H5BA 0.8600 N1A-C1A 1.376 (8) C1B-C6B 1.395 (9) N2A-C8A 1.344 (7) C1B-C2B 1.410 (8) N2A-C12A 1.372 (7) C2B-C3B 1.379 (9) N3A-C13A 1.311 (7) C2B-H2B 0.9300 N3A-C19A 1.396 (7) C3B-C4B 1.403 (11) N4A-C7A 1.345 (7) C3B-H3B 0.9300 N4A-C6A 1.388 (8) C4B-C5B 1.361 (10) N4A-H4AA 0.8600 C4B-H4B 0.9300 N5A-C13A 1.356 (8) C5B-C6B 1.388 (9) N5A-C14A 1.375 (7) C5B-H5B 0.9300 N5A-H5AA 0.8600 C7B-C8B 1.468 (8) 1.336 (7) S1-O3 1.434 (5) N1B-C1B 1.385 (7) S1-O1 1.448 (5) N2B-C12B 1.339 (7) S1-O4 1.451 (5) N2B-C8B 1.372 (7) S1-O2 1.476 (5) N3B-C13B 1.324 (7) 
